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We have developed procedures to examine the status of chromosome lSq 
polymorph:: genetic markers and DNA from to- malin- fixed, paraffin- 
embedded tumors. Allelic loss of chromosome lSq was assessed in 145 
consecutively resected stage II or III colorecia. carcinomas. 

Among patients with stage II disease, the five-year survival rate was 93 
percent in those whose tumor had no evidence of allelic loss of chromosome 18q 
and 54 percent in those with allelic loss; among patients with stage III disease, 
« jrvival was 52 and 38 percent, respectively. 
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The following statement is a full description of this invention, including the best 
method of performing it known to us: 
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CHROMOSOME 18Q LOSS AND 
PROGNOSIS IN COLORECTAL CANCER 



INTRO!)! (TIPS 

This nncniinn relate* to rncthmN t**r a^e^ms; the projnoM> ot paijcm« 
ha\m;j cancer It h.is particular, although b> no mean* c\cli»M\e application •* 
method* oi determining the proynoMv n! pattcr.N t:av;ni; colorectal carver 
lV\lJv_c;KOlA'|)(>y- TH KIW KNTICIN 

With about I^MHKUase- an,! f ,:.,:!, ar^iuilv. c-Uect.,: ...rucr :* 

i!.; ^<;;;:;i.'!iin; cauM> ot death lfn;; ( .a:vcr in the I n:tcd Stale* i'ut:cr.''\. 
■ :c:crn.:n:^j proen.'M* an,! M/Iedine. p.ihc-:ts r,-r poMopera'ive aJu:\a;*: therap*. 
v!> ':;.»:<:!\ pa' V •!« a! and Jinua! • : !\,l;e!iu with IWl I 

l,l ' ia ' : l^ke* *:.:_v \ iumoi VMhncd vv;:fjr. :» u - . A .,|;. vwth no hriipS :,. dc 

" k "' ,!s: ' ^-''i> :»oc norma! !:V ■.Ovum- patient* with Main |\ 

c:!;::u:ed di*ca*c have a ver> |v„„ M ir.;va! :..:e However, ptcdictmc ou\. me 
sn patient* u l!ri i.itcr mcJutic Ma;je* i* dimcult Patient* uith Maxell colorectal 
carver 'Duke* Mace H tumor e\lendin : j through ihe bowel wall. u:iho;it 
ivmph noJe mc:a*ia*i*. have a fixe u\ir Mimvai rale of about 70 percent, and 
those w.rh ,taee III d.*ca*e .Dukes Mace C regional lymph-nodc mctaMa*;*. have 
a rate oi onU 4d to 50 percent 4 Adjuvant iheraps impiovcs the outcome in 



subgroups of patients, but ,t leads to substantial morbidity. 5 ' Better means of 
formulating the prognosis in patients with colorectal cancer would improve the 
selection of patients for adjuvant chemotherapy and radiation therapy. 

Colorectal cancers result from the accumulation of several distinct genetic 
-• alterations involving the K-ras oncogene on chromosome 1 : and rumor-suppressor 
genes on chromosomes 5. 17, and 18.-" The short arm of chromosome 17 (I7p) 
and the long arm of chromosome 18 (18q) are frequently lost ,n colorectal tumors. 
This observation led to the di-overy that inacrivation of the P 53 and PCC gene 
(located on chromosomes 17p and 18q. respectively, probably contnbu.es to the 
neoplastic transformation of colorectal epithelial cells.- " Although studies of the 
biochemical mechanisms underlying the development of colorectal cancer are just 
beginning, the genes involved in this process have the potential ,o serve as markers 
in diagnosis and prognosis. 

We have previously shown ,„a, distant ncasDlis ( „. ^ ^ 

«maM with ddetions of chromosomes I7 P and I ft, and more SiTC ra,lv » 1Ih 
Chromosomal losses throughout ,he genome.- Other stud.es have ajso .ndicat- d 
.ha. loss of chromosome I7p „ r chromosome .80 has prognostic valued" 
However, several problems have prevent the application of these findings in a 
routine clinical setting. The arises have reouired fc,h-fro K „ tisst.es. relative,,, 
large quantities of DNA. and special procedure, ,„ isolate cancer cells from 
vernal and inflammatory cells within the tumo, m as S . ,„ addition. Southern bio, 
analysis depends on the heterozygosity of restriction-fragment-length 
polymorphisms fRFU-s). which are often absent in the chromosomal region of 
interest. 



Thus there is a need in the an for a test uhich can be used in a routine 
clinical setting, which does not require fresh-frozen tissues, which does not require 
large quantities of DNA. and *hich doei not depend on heterozygosity of 
rcstnction-fragment-Iengih polymorphisms. 
SUMMARY OF THE INVENTION 

It is an object of the invention to provide molecular genetic tests for 
assessing the prognosis of patients with colorectal cancer. 

This and other objects of the invention are provided by one or more of the 
embodiments described below. The present invention provides a method of 
determining prognosis of patients having TNM stage II colorectal cancer. The 
method comprises: comparing polymorphic generic markers on chromosome ISq . 
;n tumor tissue of the patient to genetic markers or. chromosome ISq :n normal 
tissue, \n order to determine somatic loss of markers or, chromosome !Sq: 

determining a prognosis by applyirg the determined vomanc loss of markers 
on chromosome 18q in the patient to outcome data obumed on a population of 
patients consisting of stage II colorectal cancer patients. 

In another embodiment of the invention a method of determining prognosis 
of patients having colorectal cancer is provided. The method comprises: 
amplifying polymorphic genetic markers in (a) a formalin-fixed, paraffin-embedded 
tumor tissue of a patient having colorectal c?^cer and (b) a formalin-fixed, 
parat fin-embedded normal tissue of said patient; comparing said amplified markers 
trom tumor and normal tissue to determine somatic loss of said markers on 
chromosome 18q, somatic loss of a marker on chromosome ISq indicating a 
poorer prognosis for the patient. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE l. Strategy for Determining the Allelic Status of the Long Arm of 
Chromosome 18. 

Neoplastic tissue and non-neoplastic control tissue were separated by 

microdissection of routine histopathological sections from resection specimens. 

TotaJ genomic DNA was isolated from each tissue sample. The polymerase chain 

reaction (PCR) was used to amplify polymorphic microsatellite markers capable 

of distinguishing between the maternal and paternal copies of chromosome 18. 

Allelic loss (alleles are designated as A and B on chromosome 18) was observed 

as absence or a relative reduction of the PCR product corresponding to the lost 

chromosomal arm. (On the slide label. JHH stands for Johns Hopkins Hospital.) 

Figure 2, Chromosome 18q Markers and Their Association with Metastasis 
in the Pilot Study. 

Chromosome 18q markers are listed from centromere cop) to telomere 
(bottom). The estimates of genetic distances between each marker and the one 
directly above it are shown in centiMorgans (cM) and are based on recombination 
frequencies averaged for sex. The odds in favor of the listed order of markers 
relative to each other, against pairwise inversion (i.e.. reversed order of the pair 
of markers), were greater than 1 million to 1 in every case. The extent of 
chromosomal loss in the tumors is indicated by the shaded area. The presence of 
metastases in patients was determined as previously described. 15 * 16 In 25 patients 
there was loss of all studied markers, and in 5 patients there was loss of the six 
most distal markers; in 1 patient the tumor had lost only the most distal marker. 
The DCC gene lies between markers D18S65 and D18S69. 



Figure 3. Chromosome 18q Allelic Loss inDNA from Formalinin-FLxed 
Paraffin-Embedded Tumor Sections. 

Dinucleoiidc-repeat assays were earned out on DNA obtained from tumor 
and non-neoplastic tissues of the same histopathologic^ section. Allelic loss of 
chromosome 18q was observed when one of the two alleles present in the non- 
neoplastic tissue (N lanes) was absent or reduced .n .ntcnsity >n the tumor (T 
lanes). The chromosome I8q markers shown are D1SS58 (upper panels, and 
D13S61 (lower panels). The tumors in panels :. 3. 5. fr. 8. and 9 showed 
chromosome I8q loss (arrowheads), whereas those in panels 1. 7. ar.d 10 did 
not show loss. 

Figure 4. Overall Survival of Patients with Colorectal Cancer. According to 
TNM Stage Alone (Panel A) and Both TNM Stage and Chromosome 18q 
Allelic Loss (Panel B). 

The survival rate of patients with stage II disease was significantly better 
than that of patients with stage III disease (P = 0.006.. However, when the 
patients were subclassified according to their status for chromosome ISq. the 
survival rate of patients with stage II disease whose tumor had chromosome ISq 
allelic loss was similar to that of patients with stage III disease, whereas patterns 
with stage II disease whose tumor retained both alleles of chromosome ISq had a 
significantly better outcome (see Table 3). 

nFTATlED prsmiPTIOX o r the preferred embodiments 

It is a discovery of the present invention that the status of chromosome I8q 
has strong prognostic value in patients with stage II colorectal cancer. The 
prognosis in patients with stage II cancer and chromosome I8q allelic loss is 
similar to that in patients with stage III cancer, who are thought to benefit from 



adjuvant therapy. In contrast, patients with stage II disease who do not have 
chromosome 1 Sq allelic loss in their tumor have a survival rate similar to that of" 
patients with stage I disease and may not require additional therapy. 

In addition, it is a discovery of the present invention that polymorphic 
genetic markers can be amplified from standard formalin -fixed, paraffin-embedded 
tumor tissue and that the amplifications axe sufficiently quantitative so that loss of 
the markers can be observed. Moreover, it has been found that a small number 
of markers will provide informative data (i.e.. heterozygosity) for a very hich 
proportion of tumor samples. These findings make possible the application of a 
test for chromosome 1 Sq loss to routine clinical situations. 

Suitable polymorphic ger.ctic markers or. chtvtr.i'oome ISq for :cm:-£ m'jy 
be restriction fragment length polymorphisms FLPsi. variable number of ar.Jsrm 
repeats (VNTRs). microsatelhtes. or other poAmorphic marker*. Thc> rr.av oe 
assayed by any means known in the an. including but rot limited to polymerase 
chain reaction (PCR). and allele-spectfic iigase reaction. Suitable tumors for 
testing are any which demonstrate loss of chromosome liq. These include tumors 
of the breast, pancreas, uterus, colon, rectum, stomach, esophagus, prostate, and 
blood. 

To develop a practicaJ molecular genetic test for assessing the prognosis of 
patients with colorectal cancer, we used formal in- fixed paraffin-embedded sections 
as a source of DNA and highly polymorphic microsatellite markers to determine 
the status of chromosome 18q. Microsatellite markers are shon-tandem-repeat 
DNA sequences located throughout the genome." They are readily assayed by 
polymerase-chain-reacUon (PCR) amplification of small amounts of DNA and gel 



clcctro r horcs,s,--- The ,u 0 allelic f m > ,f :he rntcr,.sa,ell,:« >n normal ceils, 
one innerited from each parent, migrate on T ,\ electrophoresis as tu 0 hands of 
nearly equal intensity but different Si.es. . Cr.^osorru! losses ,n tumor tmu.s 
cause a loss of one of the two PCR products or a change , n the.r relative 
ir-.ensit.es <Fig. 1). We used th.s techn:que to determine that cfcronosorne !Sq 
loss is a prognostic marker in colorectal cancer. 
Patients 

One hundred fony-ilve samples of s-ge II or ill s?oru ^. 
carcinoma were obtained for evaluation of the loss of chromosome is c . Thev 

*ere obtained consecutively from curative surgtcal :ccc::o-., of • • . 

Vjn0T « the Johns Hopkins Ho-:,! between J,- v i^. .-- 

19-0. This period *as Muc^d h*---...^ n.-> .■,-,,.•'*■ 

not adm:r,s:ered routinely to P a::er, S a: :,:s :n,::t,::on I- - 

s:^e was hascd on pa:ho!oc:jii ar.d J:--*: 



»ii»j::or;. 



preoperative radiograrhv. computed Mo ,r d 

laparotomy. 

r3tiW5 Were " i ' u < Itd ««» *• «*> s:s i(*v fen; „ ^ „. 
r.on-polyposis colorectal .«er synjrome .ccorfec w cnWR1 0 , ., c 
Ir.-emaUona! CoHaborauve Group had ,* i|Mm iuaor ou:sidi , he c0 , 0 „ 

*. previous five vex,, had synchronous «tenoc«mom» of the large bowei. had 
carcinoma associated with idi0(a , hic in , 1am;;!;l , or> . bowe| ^ ^ hM ^ 

preoperattve radiauon or chemotherapy. Followup »as carried out through me 
Johns Hopkins Tumor Registry a„d « based on char, reviews and year* contacts 
«*» *e physician or pa,ie„ t . Follow . up lMnf , „ w ^ ^ ^ 
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as of September 1993. The clinical and pathological characteristics of the tumors 
were determined by a gastrointestinal pathologist without knowledge of the status 
of chromosome 18q t according to conventional criteria. 54 
Tissue and DNA preparation 
5 In the pilot study for development of the method. DNA was prepared from 

xnicrodissected cryostat sections of frozen tumor tissues as previously described. 10 
For the prospective study, DNA was purified with modified methods for assessing 
allelic loss with PCR." * Tissue sections 6 thick were obtained from surgical 
specimens that had been fixed in formalin and embedded in paraffin for routine 

I n histopathological examination. The slides were stained with hematoxylin and 
eosin, dehydrated in graded ethanol. and then dned without a cover glass. 
Regions containing at least 70 percent neoplastic cells *ere inked with z black 
marker (Sharpie, Sanford Corp.. Bclluood, 111.) under a dissection microscope. 
The black marking irk increased the density of :he tissue and kept it at the bottom 

1 5 of the tube after centrifugation. Tissues from 2 to 10 slides, each containing a 
blackened region of tumor 0.2 to 1 cm : in area, were scraped off with a razor 
blade and transferred to a 1.5-ml Microfuge tube. Non-neoplastic tissue from the 
same slide was then marked and placed in another Microfuge tube. The collected 
tissue samples were deparaffinized in 400 p\ of xylene for 15 minutes and pelleted 

20 by centrifugation at l0,000Xg for 2 minutes. After the xylene was removed by 
pipette, the tissues were heated at 58 °C for 15 minutes to remove the remaining 
xylene and incubated overnight at 58°C in a buffer containing 0.5 M TRIS (pH 
8.9), 20 mM EDTA, 10 mM sodium chloride, 0.5 mg of proteinase K per 
milliliter, and 1 percent sodium dodecyl sulfate. The samples were boiled in a 



water bath for 10 minutes at 100°C. cooled to room temperature, and then 
extracted twice with an equal volume of phenol and chloroform, as previously 
described. r DNA was precipitated with ethanol and dissolved in 30 M l of buffer 
containing 3 mM TRIS (pH 7.5) and 0.3 mM EDTA. 
Micros atelltte Markers and PCR amplification 

Oligonucleotide primers for microsatellite markers from the long arm of 
chromosome 18 were designed on the basis of published sequences/' The 
following dinucleotide-repeat markers and pnmers were used in the prospective 
study: D18S55. 5 ' G G G A A G TC A A A T G C A A A A T C 3 ' and 
5 AGCTTCTGAGTAATCTTATGCTGTG3-: S ! 8S5 8. 
5 GCTCCCGGCTGGTTTT3' and 5 ' GC A GG A A ATCG C A GO A A CT7? . D1SS61. 
5 • A T T T C T A A G A G G A C T C C C A A A C T 3 ' and 
5 • A T A T T T T G A A A CT C A G G A G C A T 5 ' . D 1 8 S f> - . 
5 ' A A CT A G A G A C A G G C A G A A 3 ' and 5' ATCAGGA AATCGGCACTG3*: and 
D18S69. 5"CTCTTTCTCTGACTCTGACC3* and 
5 'G ACTTTCTA AGTTCTTGCC AG3' . It was important to use primers that 
procuced a PCR product less than 180 base pairs in size, because longer fragments 
did not amplify consistently with DNA purified from paraffin-embedded sections. 
PCR-based dinucleotide-repeat assays were earned out in 96-well plates for 30 
cycles; each cycle was carried out at 95 °C for 30 seconds. 50°C for 1 minute, and 
70°C for 1 minute, with primers end-labeled with j: P-labeled ATP ;o a specific 
activity of more than 10* cpm per microgram of DNA and under the PCR 
conditions previously described. 1 * Two volumes of stop buffer (95 percent 
formamide, 20 mM sodium hydroxide, and 0.05 percent bromophenol blue and 
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xylene cyanate) were added at the end of the amplification, and the sample- were 
loaded onto 7 percent polyacryiamide gels containing 32 percent formam:c^ and 
5.6 M urea. 10 The relative positions of the DCC gene and other chromoso-ne 18 
markers were determined by typing CEPH (Centre d'Etude du Polymorpmsme 
Humain) reference families 1331, 1332, 1347, 1362, and 1416 for DCC and 
using the Clinik program of the Linkage program package 32 to compute r -: best 
placement of the gene on a fixed map. 

In the pilot study, the status of chromosome 17p was analyzed in the iame 
*ay as that of chromosome 18q. with the microsatellite markers Di"804, 
D17S7S6. and D17S796 :? and a marker in the p53 gene." 
Determination of Chromosome 18<j Status 

We defined chromosome ! Sq loss ?.% the complete or partial loss of • !ong 
arm of chromosome 18. Loss of a chromosome lSq allele in a turr * was 
considered to be present *hen the PCR assay of adjacent non-r.eop!as;;. :ssue 
showed heterozygosity of the microsatellite markers on the long :-:m of 
chromosome 18, and the relative intensity of the two alleles in the tumor UNA 
differed from the relative intensity in the non-neoplastic tissue DNA by :actor 
of at least 1.5. M When the loss of the allele was not obvious on visual inspection, 
the intensities of the bands were quantitated with a Phosphorlmager (Mo:ecular 
dynamics, Sunnyvale, Calif.). Some iumors (6 of 43 in the pilot study anil IS of 
l}7 in the prospective study) yielded PCR products of abnormal sizes with :wo or 
more microsatellite markers. These tumors were considered to be ;n the 
previously described replication error (RER) subclass. 35 " It is difficult to 
ascertain allelic loss of chromosome lSq with microsatellite markers in RER- 



positive tumors because of the instability of the repeats. However, such tumors 
infrequently lose any chromosomes, including chromosome 18q.-' In the pilot 
study reported here, Southern blot analysis showed that none of the RER-positivc 
tumors had iost chromosome 18q.' Q Therefore, tumors of the REP type were 
included among the tumors with no loss of chromosome 18q in the survival and 
other statistical analyses. 

In the prospective study, two dinucleotide-repeat markers from chromosome 
18q (D18S61 and D18S58) were sufficient to determine the status of the 
chromosome in 110 of the 135 paraffin-embedded tumor specimens (81 percent;. 
Additional markers (D18S69, D18S64, and D18S55) were required only when no 
heterozygosity in either D18S61 or D18S58 was present in the non-neoplastic 
tissue, or when atypical bands indicating a potential RER phenotype were observed 
in either marker. 
Statistical analysis 

The primary statistical outcome in this study was overall survival measured 
from the date of surgery. Event-time distributions *ere estimated with the 
product-limit method. 40 Differences between prognostic factors were tested tor 
statistical significance with the log-rank statistic. 41 More generally, we estimated 
the hazard (risk) ratio per unit of change in each level of a potential prognostic 
factor relative to a specific base-line level. For example, the risk of death among 
patients with chromosome lSq loss was compared with the risk among patients 
with no loss, for all follow-up time and all patients. For prognostic factors that 
were continuous variables (e.g., tumor size), the risk ratio was expressed per unit 
of change (e.g., per centimeter of increase in size). Haza/d ratios and associated 



95 percent confidence intervals were estimated wuh the proportional -hazards 
model. 42 All reported P values are two-sided. 

The simultaneous effects of more than one prognostic factor were estimated 
by multiple regression in the proportional-hazards model. 4; In this analysis, all 
factors that were potentially prognostic when considered alone (i.e.. the P value 
was less than 0.15) were entered into a multiple regression model from which 
hazard ratios and significance levels were estimated. A factor that was not 
statistically significant or that had an estimated hazard ratio near 1 0 was removed 
from the model. Hazard ratios and significance levels were then estimated again 
to derive a more parsimonious model. This step-down procedure was continued 
until all remaining factors were significant In some cases, we retained factors that 
*ere not significant soiely to illustrate their lack of effect in the presence o: other 
factors In addition, the effects of prognostic rectors *cre controlled H> stratified 
proportional- hazards regression (e.g.. rectal v% dho;\:c tumors) to avoid the 
assumption of proportional hazards 

Micros atfixtte Markers for Chromosome I8y allelic Loss 

To establish the reliability of dinucleotide-repeat ((CA)J markers for 
determining chromosomal loss, we tested 43 pairs of tumor and non-neopiastic 
DNA samples from fresh-frozen tissues in a pilot study. The chromosomal status 
of 36 of these tumors had been analyzed in detail by hybridizing Southern blots 
with DNA probes capable of detecting RFLPs of chromosome 18q. ,f Ten 
dinucleotide-repeat markers spanning the entire length of chromosome 18q were 
used to assess the loss of genetic material in this chromosomal region of the 
tumors. The results obtained with the dinucleotide-repeat assays corresponded 
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perfectly to the available data on RFLPs. Twenty-seven tumors in which Southern 
blot analysts showed total or partial loss of chromosome iSq had similar losses 
according to the (CAJ.-repeat assay, and nine tumors that showed no loss of RFLP 
markers on Southern blot analyses also retained ail informative (CA) e markers. 
The status of chromo* nc 18q in the remaining seven tumors (16 percent) was 
determined with use of (CA). markers (four of the tumors had loss of chromosome 
18q. and three fiad no loss), but no comparison with Southern blot data was 
possible because of the lack of informative RFLP markers in these tumors. 

We then examined the association between ;hc region of chromosome 1 Sq 
that was lost and the presence of metastasis m the patients, a!! *" whom had 
been followed at least five'\cars (Fig. 2). Metastases were four.u in 19 of the 25 
patients whose tumors had lost all the markers studied arJ all 5 patients with loss 
of the six most distal mar kerb but not markers more proximal In contrast, the 1 
patient whose tumor had lost only the most d:s:ai marker (D18S~0i and 1 1 of 12 
patients whose tumor had not lost any marker were free of metastasis. Thus, tne 
dinucleotide markers D18S69. D18SM. D18S55. D1SSM. and Di<S5S tfrg. 2) 
were most closely associated with the presence of metastatic disease. The markers 
were found to be highly polymorphic and produced robust signals in the HCR- 
based dinucleotide-rcpeat assay. 

In this pilot study we also assessed the loss of chromosome I7p with four 
microsatellite markers. There was a strong concordance between chromosome 17p 
and chromosome 18q allelic losses (35 of 43 tumors), as in our previous study, 1316 
but chromosome 18q allelic loss was more closely associated with metastasis in 
patients whose tumor had either chromosome 17p or chromosome 18q allelic loss. 
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All three patients whose tumor had chromosome 18q allelic loss but not 
chromosome 17p allelic loss had metastatic disease, whereas only one of five 
patients with chromosome l?p allelic loss but not chromosome 18q allelic loss had 
metastases. Therefore, the chromosome lSq markers were chosen for the 
subsequent prospective study. Figure 2 shows the relative chromosomal position 
and genetic distance of these 10 dinucleotide-repeat markers. 

Using five chromosome 18q markers, we tested the applicability of the 
dinucleotide-repeat assay to DNA from formalin-fixed paraffin -embedded tumor 
specimens in the pilot study (Fig. 3). The results of the assays with 17 paraffin- 
embedded tumor sections coincided precisely with the results obtained with DNA 
from cryostat sections of the same frozen tumors (data not shown). 

Clinical Characteristics associated -%rm Chromosome 18q allelic 
Loss 

We used this dinucleotide-repeat assay to evaluate consecutively resected 
tumors from a cohort of 145 patients. We were able to determine the status of 
chromosome 1 Sq in 135 of the 145 tumor specimens (93 percent); 6 specimens 
were not analyzed because of insufficient amounts of tumor or non-neoplastic 
tissue, and 4 specimens could not be analyzed because of failed PCR 
amplifications. Table 1 lists relevant clinical characteristics of all 145 patients and 
the 135 patients whose tumors were analyzed for chromosome 18q allelic loss. Of 
the 135 tumors we studied, 90 (67 percent) had either complete or partial loss of 
chromosome 18q (examples are shown in Figure 3). Fewer patients with stage II 
disease had chromosome lSq allelic loss in their tumor than the patients with stage 
III disease (P = 0.007). More than two thirds of the tumors with chromosome 



I8q allelic loss *ere m t* patient's left colon <i c . distal to the splenic flexure), 
whereas t»o thirds of the tumors without chromosome 1 Sq allelic loss were on :he 
nght" <P< 0.001). The frequency of 18q allelic loss among patients with coion 
cancers was not significantly different from the frequency among those w,ih rectal 
cancers (P = 0.12). Patients receiving adjuvant therapy were more common in 
the group with chromosome I8q allelic loss (P = <■ -J» because adjuvant therapy 
was given more frequently for stage III cancer than for stage II cancer CS of -6 
patients and 6 of e* patients, respectively) a; the close of this study. S3 percent 
of the patients without "hromosome I8q allelic losv and 58 percent of the parents 
with chrorr.osone I Sq allelic loss -.ere si,!S alsve a: :he time of the last folio* -up 
evaluation (P = 0 0«>5i. The mean 'folio* up t::r.e »as 33 months in the patients 
with chromosome lSq allelic loss and 3S months * those -ith -ut such loss 
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Status of Chromosome 18q and Survival 

Clinical stage was a significant prognostic factor for survival (Pig. 4A). 
In this cohon of patients the overall five-year survival rate was 74 percent in those 
with stage II disease and 42 percent in those with stage III disease. However, 
when the status of chromosome 18q was considered, the five-year survival rate 
was 93 percent in patients with stage II disease whose tumor had no chromosome 
18q allelic loss and 54 percent in patients in the same stage whose tumor had 
chromosome I8q allelic loss (Fig. 4B). The survival rate in the latter group of 
patients did not differ significantly from the survival rate among patients with stage 
III tumors. The survival rate among patients with stage III colorectal cancer was 
independent of their status for chromosome lSq, .Similar results were obtained 
when disease-free survival was the end point and when colonic and rectal tumors 
were analyzed independently. Adjuvant therapy had no significant effect on the 
outcome in this study (Table 2). 

Chromosome 18q Allelic Loss and Other Prognomic Factors 

Besides chromosome 18q allelic loss, other 'actors were associated with a 
higher or lower risk of death when these factors were considered individually. 
Chromosome I8q allelic loss, advanced tumor stage, extramural vein invasion, 
perineural invasion, and poor tumor differentiation were all associated with a 
significantly poorer prognosis, whereas white race and female sex were associated 
with a better prognosis (Table 2). However, as is frequently the case in such 
analyses, there were correlations among the various prognostic factors we 
analyzed. As examples, patients in an advanced stage of disease had a higher 
frequency of poorly differentiated tumors, and .poorly differentiated tumors were 



more likely to involve veins and nerves. In such situations, individual factors axe 
only partially independent with respect to their ability to predict survival. 

To study the independent effects of the prognostic factors in the presence 
of correlations, we used a multiple regression proportional-hazards model. Table 
3 shows three representations of multiple regression models. The first model 
illustrates the fit of a roughly optimal set of prognostic factors in the cohort of 
patients — that is, the addition of any other recorded variable did no; yield 
prognostic information independent of the information produced by the factors 
listed. It is noteworthy that in patients *hose tumor had chromosome 18q allelic 
loss, the nsk of death was more than doubled. e\en after adjustment for vein 
involvement, grade of tumor differentiation, and race i Tabic 3. model 1). When 
the TNM stage was added to this ^e: of predictors, this factor seemed to be 
redundant (i.e.. it did not provide additional prognostic information! in the croup 
studied, which consisted of patients with stage II and stage III disease only (Table 
3. model 2). The factors that were redundant with TNM stage were not easily 
identifiable, but when vein invasion was removed from the regression model, the 
estimated hazard ratio for TNM stage increased (Table 3. model 3); retention of 
either tumor differentiation or vein involvement decreased the estimated prognostic 
effect of TNM stage. In contrast, the significance of chromosome 1 Sq allelic loss 
as a prognostic factor remained nearly the same despite the inclusion of other 
factors in the regression analysis. Furthermore, when those models were stratified 
according to tumor site (colon vs. rectum), the estimated hazard ratios, P values, 
and confidence intervals were essentially unchanged. 
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These results demonstrate that chromosome !8q allelic loss is an important 
prognostic marker in patients with sage II colorectal cancer. The subgroup of all 
patients with stage II disease whose tumor had retained both alleles of chromosome 
iSq (45 percent of all these patients) had an excellent outcome (five-year survival 
? of 93 percent), whereas survival in patients with stage II disease vvhose tumor had 
lost one allele of chromosome 1 Sq was similar to that in patients with stage III 
disease (five-year survival of 54 percent) (Fig. 4B». Although the majority of the 
patients we studied had colon cancer, our results suggest that the prognostic value 
of allelic loss of chromosome ISq also pertains to rectal cancer. Our study 

1 ; suggests that adjuvant therapy with levamisole ar.d fiuorouracii. wr.:ch reportedly 

benefits patients with stage III disease/ may also Iv apprvpr.ate for patients with 
stage II disease whose colonic tumors have lost chromosome ISq. 

Patients with stage III disease had a s:e:*:r" ca::ti> higher frequency of 
chromosome 1 Sq allelic loss than d:c those u;:h si^e II disease percent ^s. 
55 percent) (Table I). but chromosome ISq allelic loss had r.o significant 
prognostic value in patienii with stage III disease. This finding ma> relate to the 
complexity of the metastatic process; allelic loss of chromosome ISq is clearly not 
a prerequisite for metastasis in colorectal cancer. It is thus possible .hat some 
stage III tumors have a worse prognosis through pathways that do not involve 

2 0 chromosome 18q. 

In addition to the status of chromosome ISq, several conventional factors 
also had prognostic value in our study. These included invasion of extramural 
veins by tumor cells, perineural invasion, and poor tumor differentiation. These 



factors, however, can van* considerably within the same tumor and can be 
perceived differently from observer to observer. 

Rapid advances in the molecular genetics of colorectal cancer have 
stimulated attempts to use molecular markers for assessing prognosis in patients 
with this disease. Altered total DNA content (ar.euploidy). assessed by flow 
cytometry, can correlate with advanced tumor stage, poor tumor differentiation, 
and relatively poor survival. 4 * but the technical difficulties of flow cytometry have 
led to conflicting results.'" 45 Fractional allelic loss. assa\ed by Scutp.tra blot 
analysis, has been u*ed as a mea.* :e of chromosomal loss thro-jshout the 
genome. J - 16 " High fractional allelic loss ;s a>s*vi.::eJ w::h poor sjr\;\ai. pj: the 
large number of chromosomal sites needed :^r .-.-.aAsis renders the method 
impractical for routine u*e 

Microsateiiite ms:ab;l:;\. j mar.:fe>:. : :.or. of the KMK p-.^otvpe. r.as peer* 
desenbed in sporadic colorectal carcinoma^""* -c hered::ar. ;:or.-po;> tviis 
colorectal cancer. '* u In our study, the five-year \urv:v.ii rate of the I> patients 
with RER-positive tumors was indistinguishable from that of the ZS patients whose 
tumors had retained chromosome 1 Sq and were RER -negative. These results acrce 
with other reports that RER-positive tumors have a lower tendency to metastasize 
than RER-negative tumors and that patients with RER-positive tumors have 
relatively good survival. 3 ' r Our pilot study showed that RER-positive tumors do 
not often lose any allele of chromosome lSq. I: :s possible that the better outcome 
in patients with RER-positive tumors is a result of retention of both alleles of 
chromosome 18q. 



Certain specific genetic alterations have also been studied as potential 
prognostic markers. Activating mutations of ran proto-oncogenes and loss of the 
nm23 gene have been reported to have prognostic :rr.pon;\r.ce One of the rr.os: 
commonly affected genes in human cancers is p5.V i * il Mutational inacuvation of 
the p53 gene often accompanies the loss of chromosome I "p. and accumulation of 
the mutated protein occurs frequently in colorectal cancers. ; 5 4 » Such mutation or 
loss of p53 has made it potentially useful for diagnosis and prognosis/' : * In 
our pilot study, chromosome 17p allelic ioss was less closely associated with 
r etastasis than chromosome 13q allelic ioss. In our prospective S :ucv. 
overexpression of p53. as assessed b> imrr.ur:oh:s;ochtfrr.icai -r.ohvs. U js not 
useful for determining prognosis. 

Study of the commonly deleted regions or. chromosome ;Su lei to ::;c 
icentification of the candidate tumor-suppressor ^er.e. DCC (deleted ;r. colo'ectal 
cancer). 11 The DCC protein has structural fsa: urcs ::: cotr.rtvr. u::h cer. : :.? t-.pos 
01 cell-adhesion molecules and may participate u:;h other proteins in ceii-ceii and 
cell-matrix interactions. The loss of chrorr.osorre ISq could thus ie.id to 
impaired contacts between cells, thereby contributing to tumor growth and 
invasion. Linkage analysis indicates that the DCC gene lies immediately adiaceri 
to the region of chromosome ISq that *e evaluated in our prospective xufiy 
(Dctween D18S69 and D18S65) (Fig. 2). Interestingly, expression of the DCC 
gene was recently shown to be absent in most colorectal cancers that were 
metastatic to the liver, but it was lost only in a minority of nonmetassatic cancers. 57 
This finding supports the idea that the DCC gene is the biologic basis of the 
association of chromosome ISq with prognosis. However, an additional gene (or 



genes) or. chromosome 18 and elsewhere ,n the genome may also play a pan. and 
further biochemical and genetic studies are required. 

The prognostic evaluation afforded by the chromosome ISq assay 1S 
clinically meaningful but imperfect. Although retention of chromosome 1 Sq is a 
favorable finding, the outcome in patients whose tumor has chromosome ISq 
allelic loss is unpredictable, and the proenos.s of patients w,th stage III disease is 
unchanged by knowledge of the status of chromosome I8q. In the future, tests for 
<he status of chromosome ISq may be combined w.th other genetic and 
biochemical assays to improve prognostic evaluation ,n patients w,:h colorectal 
cancer. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

voge: 
Kint] 

Hamilton, Stanley 



(i) APPLICANT: Vogelstein, Bert 

Kinrler, Kenneth w. 



(ii) TITLE OF INVENTION: Chomosome 18q Loss and Prognosis 
Colorectal Cancer 

fiii) NUMBER OF SEQUENCES: 10 

(iv) CORRESPONDENCE ADDRESS : 

(A) ADDRESSEE : Banner. Birch, McKie, & Beckett 

(B) STREET: 1001 G Str^i, N.W., eleventh floor 

(C) CITY: Washington 

(D) STATE: D.C. 

(E) COUNTRY: U.S. 

(F) V .3001 

(v) COMPUTER READABLE FORM : 

(A) MEDIUM TYPE: Floppy disk 
(8) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Versirr. #1.25 

— j 

{vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUM3ER: US 

(B) FILING DATE: 05-OC7-1994 

(C) CLASSIFICATION: 

~>5 tv:u) ATTORNEY /AGENT INFORMATION : 

(A) NAME: Kagan, Sarah A. 

(B) REGISTRATION NUM3ER : 32,141 

(C) REFERENCE /DOCKET NUM3ER : li0T.4Sr32 

<ix) TELECOMMUNICATION INFORMATION: 
in (A) TELEPHONE: 202 . 508 . 9 100 

JJ (3) TELEFAX: 202.508.9299 

(C) TELEX: 197430 33M3 UT 

(2) INFORMATION FOR SEQ ID NO:l: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MO:.ECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 
4 q (A) ORGANISM: Homo sapiens 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: 18q 

(B) MAP POSITION: D18S5S 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
4 5 GGGAAGTCAA ATGCAAAATC 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
( B ; TYPE: nucleic acid 
5 (C) STRAND ED NESS : single 

O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

10 (viii> POSITION IN GENOME: 

(A) CHROMOSOME /SEGMENT: 18q 

(B) MAP POSITION: D18S55 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
AGCTTCTCAG TAATCTTATG CTGTC 2 5 

15 (2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: Single 

-»q (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

(viu) POSITION IN GENOME: 
or (A) CHROMOSOME /S FOMENT : ieq 

~ J (B) MAP POSITION : D16S58 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GCTCCCGGCT GGTTTT 16 

(2) INFORMATION FOR SEQ ID NO: 4: 

33 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 (ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

;A) ORGANISM: Homo sapiens 
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(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: 18q 

(B) MAP POSITION: D18S5B 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
CCAGCAAATC CCACGAACTT 20 



(2, INFORMATION FOR SEQ ID NO: 5: 

U) SEQUENCE CHARACTERISTICS: 
(A> LENGTH: 23 base pairs 
(B) TYPE : nucleic acid 
*C) STRANOEDNESS: single 
(Oi TOPOLOGY « linear 

jii) MOLECULE TYPE : DNA (genomic) 

ivi) original source: 

(A) ORGANISM: Homo sapiens 

( vui) POSITION IN GENOME: 

(A) CHROMOSOME /SEGMENT: 18q 
<B) MAP POSITION: D18S61 

(MX) SEQUENCE DESCRIPTION: SKQ ID NO: 5 

ATT7CTAACA GGACTCCCAA ACT 



(2) INFOP-KATION FOP SEQ ID NO:6: 

(!) SEQUENCE CHARACTERISTICS: 
< A i LENGTH: 22 base pairs 
(B) TYPE: nucleic acid 
<C) STRANOEDNESS: tingle 
(D) TOPOLOGY: linear 

(iil MOLECULE TYPE: DNA (ger.cr.iC) 

(vi) ORIGISAL SOURCE: 

(A) ORGANISM: Hero sapiens 

(via) POSITION IN CENOME: 

(A. CHROMOSOME /SEGMENT: 12q 
(31 MAP POSITION: DISS*! 

(xl) SEQUENCE DESCRI PTIGr* : SEQ ID NO:r 

ATA7TTTGAA ACTCAGGAGC AT 



(2) INFORMATION FOR SEQ ID NO: 7: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
(3) TYPE: nucleic acid 
(C) STRANOEDNESS: single 
(0) TOPOLOGY x linear 

(ii) MOLECULE TYPE: ONA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

(viii) POSITION IN GENOMES 

(A) CHROMOSOME/ SEGMENT: 18q 

(B) MAP POSITION: 018564 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 



AACTACAGAC ACCCAGAA 



C) INFORMATION FOR SEQ ID NO: 8; 

(l) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 bate pairs 

(B) TYPE: nucleic acid 

5 - - (C) STRANDEDNESS: single 

(0) TOPOLOGY: linear 

Ui) MOLECULE TYPE: ONA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME /SEGMENT: 18q 

(B) MAP POSITION: D18S64 

(xii SEQUENCE DESCRIPTION: SEQ ID NO: 8 
ATCAGGAAAT CCCCACTG 

(2 ) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
(3) TYPE: nucleic acid 
(C) STRANDEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA .(genome) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

i"iii/ POSITION IN GENOME: 

(A| CHROMOSOME /SEGMENT: ISc 
(3) MAP POSITION: D1SS69 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 9: 

CTCTTTCTCT GACTCTGACC 

(2) INFORMATION FOR SEQ ID NO: 10: 

<i> SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 21 base pairs 
<B> TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORCANISM: Homo sapiens 

(viii) POSITION IN GENOME : 

(A) CHROMOSOME/SEGMENT: 18a 

(B) MAP POSITION: D18S69 

<*i> SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CACTTTCTAA GTTCTTCCCA G 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS. 

I. A method of determining prognosis of patients having cancer, 
including the steps of: 

• s amplifying microsatellitc markers in <a> a formalin-fixed, paraffin, 

embedded tumor tissue of patient having cancer and (hi , formalm-llved. 
p.ir;j l tin -embedded normal tissue of said patient: 

comparing said amplified micro>ate!lite markers from lumor and 
"'■nn..l tissue to determine somatic loss of m.crosa.elh.e markers on 

"' > h ™"«™ '«V Muiiaiie I ,f a microsatellitc marker on chromosome IXq 

indicating .1 poorer. prognosis for ihe p.iticnt. . 

The method of Jam. I wherein the tumor ,s of an organ selected 
'•.■». -I.- group cons„, in ,. ot: h ,, lM . ^ ^ ^ ^ 

i N.>^!).igiis. prosi.iie. ami blood 

^ ; The method ... d..,m I uherem the cance- a Mage II colorectal 



■* The method o! da.m I where,,, the microsatellitc marke.s am P l,f,ed 
arc !esv than ISO bp in length. 

* The ,nethod of claim I wherein the microsatellitc markers are 
2<> selected Horn the group of markers consisting of DIKS7I. D18S57. DlSSoT. 
F)l ?Sh5. DISSCW. DISS64. DISS55. DISS6I. DI8S58. and DI8S70. 

'v The method of claim I wherein the microsatellitc markers are 
Pieced from the group consisting of DI8S69. DI8S64. DI8SS5. DI8S6I. and 
OISS58. 

7. The method of claim I wherein the microsa.ellite markers include 
DI8S69. DI8S64. DI8S55. D18S6I. and DI8S58. 



> The mctiiovi o| claim I wherein the mu rosatcilite markers include 

di.nsm .inj n;.\s5s 

Hie method o! claim I uheiem the microsjieliite nuirkcr^ arc 
*clccu\l tr*n;i the group conMMinft* of DISSM jnd DIKS5M 

M» The mcihiKJ of claim * wherein primer* lor amplifvini: said 
mu ti>N.i:eliire marker* have the M\|iicrve* ^hown m Sf y II) \() I 10 

I ! I he met hi hI o| Jjnn I wherein the normal Unmic in non neopl.iMic 
ii^Hue whkh jJi.Kent w the tumor in the p.ihent\ K, s ;. 

\2 \ method ,»! ■ fcter Tiuriin 1; pn^rinsiv «.f j p.itient h^i:.- a TW1 
NiJije II , -»i.t:^ :j! cr im !i:d:".j rrj *icp . tl ; 

^•uj-pjnn.' poK .Mr. m.i'kei* , l:i,.n;.^o-: e ! A,. m 

Mm '" f I:sMK " : P-'^:i! fo : .v:;e!k ./L:* hr. >m r ! s, ::; u. — :> . ;ic . 
in o- !er -k temme M«m.ilu lo%* ■ :::,:rk;-:s J:;, *so:r.c ! V;. 

dcic;::;:-::Mj .j pr. ..j. -vv;. -he dctermmed ! t 

; • p.::.i::.-:- p.;:«e:-:* ..Mir:- < *\,__e II uO^mj w.uuei paiicm* 

I he n.uifi.K! .■: , l.iiii. wherein the polvmorphu ecne::, ;:u,:kcr* 
.ire n:iei»»N.i;elh;e m.i.*kc:* 

U I he methyl el.:im i: u herein the n-ties eompareJ ate tormalm- 
fixed. |\ii.i!tih-eml\v1Jc%l specimen* 

15 The methyl of claim 12 wherein the polymorphic geneiic markers 
aie amphfvd pnor in v ,id step of comparing 
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CHROMOSOME 18Q LOSS AND 
PROGNOSIS IN COLORECTAL CANCER 



ABSTRACT OF THF n^rp nc r ^ 

We have developed procedures to examine the status of chromosome 18q 
with polymorphic genetic markers and DNA from formaJirwued. paraffin- 
embedded tumors. Allelic loss of chromosome ISq was assessed in u 5 
consecutively resected stage II or III colorectal carcinomas. 

Among patterns with sage II disease, the five-year survival rate was 93 
percent in those whose tumor had no ev.der.ee of allelic loss of chromosome ISq 
and 54 percent ,n those with allelic loss: umon, N „ cr , 5 Ui:h sage m ^ 
survival was 52 and 38 percent, respectively. 
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